ABSTRACT Invasive alien species, on successful establishment, can displace native species. The threat of invasive species arises in view of their ability to outcompete and destabilize native biodiversity. Invasive species are found across all taxonomic groups of plants, animals and microorganisms. The green macroalga Ulva flexuosa has a potential to become invasive and this species was investigated for its hitchhiking potential under laboratory conditions. Zoospores of U. flexuosa were maintained at 4°C for nearly 10 months in the dark. Recruitment potential of zoospores after dark stress was tested in a modified Provasoli medium under optimal laboratory conditions. The success rate of zoospore recruitment was 61%. The paper describes the transfer potential through shipping activities by correlating the Ulva zoospores recruitment potential and survivability.
INTRODUCTION
Invasive alien species (IAS) are non-native introduced species which on successful establishment become a threat to native biodiversity. IAS is considered to be a main cause of biodiversity loss across the world (Meinesz 1999; Pimentel et al. 2001; Thomson & McGlathery 2006) . Plants, animals and microorganisms all have invasive representatives. The threat and impact of an invasive species depend on their ability to out-compete native species and destabilize the native biota of the ecosystem. IAS can cause huge economic damage due to loss of crops, diminished fisheries, fouling of ships' hulls and other marine infrastructure, as well as forest and environmental damages. It is conservatively estimated to cost many thousands and possibly a trillion dollars annually due to loss of crops, forest and other environmental damages, according to Convention of Biological Diversity (CBD) report (Pimental et al. 2001) . Preventing unwanted invasive alien species from crossing biogeographic borders is possibly the most effective strategy, because once an alien species has established itself in marine habitat it becomes nearly impossible to eliminate them (Thresher & Kuris 2004 ). This situation is further exacerbated due to climate change and other anthropogenic activities that are detrimental to ecosystem's health.
Invasive macroalgal species on successful establishment in introduced ecosystems bring about unprecedented changes due to their ability to alter and bio-engineer the ecosystem. For instance, the nursery habitats of fish and invertebrates are affected, reduces light penetration; change biogeochemical cycles and economically important shellfish are being destroyed (Chapman 1999; Wallentinus 2002; Rueness 2005; Thomson & McGlathery 2006; Molnar et al. 2008) . Many species of macroalgae have become invasive on crossing the boundary of their native ecosystems.
A list of bioinvasive macroalgae with the potential of becoming invasive on crossing its biogeographical boundaries is given in Table 1 . Caulerpa taxifolia, a native of the Indian Ocean is one species that has caused drastic change in the ecosystem in the Mediterranean Sea by preventing native species to grow (Gambi & Terlizzi 1988; Buia et al. 2001; Piazzi, Ceccherelli & Cinelli 2001) . Kappaphycus alvarezii, a fast growing red alga and a source of carrageenan, was earlier introduced from the Philippines for aquaculture has become invasive India, and it is now a threat to the coral reefs in the Gulf of Mannar Marine Biosphere Reserve along the coast of Tamil Nadu, India (Bagla 2008) .
Many species belonging to the green algal genus Ulva are also reportedly invasive with fouling potential (Beach et al. 1995) and U. flexuosa is one among them. U. flexuosa Wulfen is a fast growing, opportunistic invasive green alga found in the littoral zone. The alga has a highly efficient rate of multiplication due to its ability to reproduce asexually. There is evidence of a co-existence of both C3 and C4 pathways in U. prolifera, and this was attributed for its successive intense bloom (Hu et al. 2010) . Under favourable conditions, zoospores are released daily and are a potent cause of green tide or blooms in eutrophic conditions. Aquaculture activities, aquarium trade and shipping are major means of introduction of aquatic invasive species. The transport can take place through ship hull fouling, ballast water tanks or through other parts like propellers and anchors (Ribera Siguan 2003; Flagella, Soria & Buia 2006; Molnar et al. 2008; Gaonkar et al. 2010) . It is estimated that ca. 3000-4000 species are being transported daily throughout the world in the holds of ships (Carlton and Geller 1993) . Many harmful and invasive species were introduced through ship ballast, e.g., the zebra mussels Dreissena polymorpha and the Asian clam Potamocorbula amurensis in the USA; the comb jelly Mnemi-opsis leidyi in the Black and Azov Seas; the toxic dinoflagellate Gymnodinium catenatum and the northern Pacific seastar Asterias amurenisis in Australia (CSIRO, 2001) . Flagella et al. (2006) suggested that ballast water can play an important role in spreading the organisms. A study done in the aftermath of massive U. prolifera bloom in the Yellow Sea, China found that the cause of bloom is due to the aquaculture of Porphyra yezoensis (nori) along the 200 km shoreline of Subei bank north of Yangtse river mouth (Hu et al. 2010) . The nets used for nori culture also act as a substratum for Ulva, which become a propagule bank resulting in algae blooms every year. Keeping this background in mind, the ability of U. flexuosa zoospores to survive dark stress was examined in this present study. The scenario of ballast water intake during a macroalgal bloom, which may serve as a potential zoospore bank for future recruitment, was also taken into account. The transfer potential of macroalgal zoospores in ship ballast, and as a potential zoospore bank for future recruitment, were examined by correlating the survivability of the zoospores under simulated dark conditions of ballast tanks.
MATERIALS AND METHODS
Zoospores of Ulva flexuosa were obtained through the dehydration method (Shin 2008; Imchen 2012) . These were stored in the dark at 4°C for nearly 10 months by wrapping cultures in black polythene bags. Thereafter, the zoospores were cultured in a modified Provasoli medium (West & McBride 1999) . The seawater used was filtered through 0.22 µM filter paper (Millipore). The experimental set up was a two-factorial viz: Salinity (15-35 psu) x Nitrate (20-150 µM) (S x N) with 8 µM as constant; Salinity (25-35 psu) ) at room temperature of 24±1°C with a day-night cycle of 14/10 h. A set of six culture vessels was maintained as replicates. Percentage recovery and recruitment were scored and data were transformed, when required, for subsequent analysis which was performed using Statistica 6 software.
RESULTS AND DISCUSSION
The ability of plants to survive unfavorable environmental condition is an inherent trait. It remains in a suspended or reduced metabolic activity by undergoing dormancy in the form of seeds, spores, zoospores and cysts, etc. Macroalgae do not produce seed to undergo dormancy like terrestrial plants but exhibit morphological variation that apparently make them more tolerant to physical damage (Edwards 2000) . This characteristic is developed in a single life cycle through phenotypic plasticity (Richardson 1981; Mathieson 1982; Edwards 2000) or through heteromorphic life history (Lubchenco and Cubit 1980; Slocum 1980; Edwards 2000) .
It is generally believed that the microscopic forms of macroalgae persist better during unfavorable periods than larger morphologies (Anderson 1982; Foster 1982; Klinger 1984; Blanchette 1996; Edward 2000) , but due to difficulties in observing them in the field, little is known about their persistence and survival (Dayton 1985; Santelices et al. 1995; Edwards 1999) . The results showed that zoospores survived unfavorable conditions and they can serve as a potential propagule source or bank for recruitment. The subsequent resumption of growth was recorded when the zoospores were provided with optimal growth conditions. The percentage of recruitment was highest (81%) in S x N growth condition followed by L x S growth condition (63%), and L x P (58%). The overall recovery rate or the percentage of recruitment was about 61% (Figure 1) . Recruitment was significantly affected by the factors, and the effect of S x P growth condition on recruitment was significantly different (one-way ANOVA, P<0.05) from other combinations. The rate of recovery indicated that factors like light, nitrate and phosphate supplemented by 25 psu salinity condition may play a significant role in the recruitment process. Amongst these, the results also showed that light and nitrate could be more significant. The results further showed that 20 µM of nitrate achieved ca 80% of recruitment. High nitrate concentration may facilitate high biomass growth of macroalgae, but it may be inferred from this result that nitrate concentration for recruitment need not necessarily be high. It is also apparent that the transfer to ambient growth conditions breaks the cold and dark induced suspended metabolic activity of the zoospores.
U. flexuosa zoospores could be recruited after 10 months of cold and dark storage on return to ambient environmental conditions (Imchen 2012) . However, a similar study on Eichhornia crassipes, a highly invasive Table 1 . List of invasive marine macroalgae in the world, compiled from various sources, including Hawai'i invasive algae database (Bishop Museum, http://data.bishopmuseum.org/algae/results1.php); Thomsen & McGlathery (2006) ; Piazzi & Cinelli (2000) ; Boudouresque et al. (2002) ; Verlaque et al. (2003) .
aquatic weed called "terror of Bengal" in India, showed that by the 11th day the plant is highly decomposed (Imchen et al. 2017 ) under dark conditions. This indicated that it requires a direct human-mediated intervention to introduce this plant. Not all invasive species are resistant to physiological stresses, but any superior performance of invasive species over native algae was attributed to the microhabitat where stresses are minimal (Thomsen and McGlathery 2006) . In a similar study, regeneration of new fronds was recorded from the holdfast region of U. fasciata and Cladophora antennina after a period of exposure to dark stress conditions (pers. obs.).
According to Burrow (1991) , each cell of the monostromatic hollow thallus of Ulva, except for the rhizoidal region, has the potential to produce eight, sometimes 16, zoospores or gametes. The distal end of the thallus is the region of sporogenesis where maximum number of zoospores are released 3-5 d before each spring tide (Christie and Evans 1962) . Ulva linza, having a monostromatic thallus, contains ca 5 x 105 cells cm -2 which roughly equals to 4 x 106 zoospores cm -2 considering each cell produces eight zoospores (Callow and Callow 2000) . So, a typical 1 cm -2 of Ulva thallus has the potential of releasing zoospores at the rate of 5 x 105 per plant per day. We can infer the huge zoospore load it will generate, for the recruitment potential, by extrapolating this ratio. Since the species of Ulva can reproduce through sexual, asexual and vegetative means, a fragment of the thallus is a potential propagule bank for perpetuation of its life cycle. In the brown alga Desmarestia the microscopic stages are the sole source for recruitment of the larger form 'sporophyte' and survive in the field for at least three months (Edward 2000) . Similarly, the gametophyte of Macrocyctis pyrifera survived for many years in the laboratory (tom Dieck, 1993) . Therefore, if ballast water is taken from a bloom occurring area/region, a huge zoospore load is expected to find its way to a new frontier.
Coastal areas across the world are highly disturbed due to various anthropogenic activities. Such conditions provide an ideal condition to the opportunistic and invasive species to thrive. Enabled by increased nutrient load, tenfold increase in toxic Karenia brevis blooms on the west Florida shelf was recorded in recent years (Brand & Compton 2007) . Ulva flexuosa ssp. pilifera, a fresh-water variant, was also reported to occur in a region of high nutrient concentration (Messyasz et al., 2013) .
Considering the proportion of sporulation and the zoospore load that will be generated, the rate of recovery and the percentage of recruitment in the study is realistic. Review of literature and the present study indicate that Ulva and other macroalgae are physiologically capable of long-term survival with tolerance to wide range of salinity. Therefore, there is high probability of dissemination through ship ballast between regions of similar environmental conditions. U. flexuosa is, therefore, an ideal candidate to be transported either in ship ballast or as ship hull fouling, or as stowaways in ship's hull. The threats become more real as there is less resident time between ports, due to improved and better vessels. For instance, a ship from Australia takes less than three weeks to arrive at the port of Naples/Salerno, Italy in the Mediterranean (Flagella et al. 2006 ).
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